The fall leaves waste are abundantly and freely available from trees which are grown aims for reforestation and environmental sustainability purposes such as Samanea saman, Filicium decipiens, and mahogany trees. However, burning fallen leaves used to be standard practice across some local areas though most municipalities now ban or discourage the incendiary practice due to the air pollution causes bad impact to human health and the environment, and often results in dangerous wildfires. Also, ash particulates irritate the eyes and throat and restrict visibility. On the other hand, the powder of those dried leaves is potential raw materials for briquettes as an alternative source of energy provide proper carbonation process. This paper reports the preparation and characterization of briquettes from the powder of those dry leaves utilized tapioca as an adhesive. The proximate analysis showed that the lowest water content was 6.13% obtained from carbonization of Filicium decipiens briquettes, the lowest ash content was 4.66% for non-carbonization briquettes Samanea saman, the lowest volatile matter was 29.85% for carbonization briquette Samanea saman, the highest fixed carbon was 49.32% for briquette carbonization Samanea saman. The highest calorific value was 5,236 cal/g received from carbonized Filicium decipiens briquettes. It was concluded that the use of tapioca as adhesive could improve the calorific value of as prepared briquettes.
Introduction
Trees have enormous benefits from roots to leaves to the environmental sustainability. The root of the tree serves to absorb water while the tree leaves function to produce oxygen through the process of photosynthesis of chlorophyll to sunlight. In addition to oxygen, the photosynthesis process also produces organic or biomass material by releasing 480 kJ/mol of energy [1] . The biomass is a biological material derived from organisms or living things such as biogas, wood, agricultural waste, and energy crops. As an energy crop, all parts of the tree can be determined the value of the calories it contains. A large biomass potential can be used as an alternative source of alternative energy to fossil fuels. On the other hand, the need for energy continues to grow as the population continues to grow. Part of the trees that are generally not utilized are the leaves. The existence of leaves that continue to fall due to age will become a waste and often destroyed by burning, though the leaves can be processed into charcoal with a certain calorific value and can be packed in the form of solids called briquettes.
Many researchers investigated the briquettes prepared from the waste of dry leaves such as Pterocarpus Indicus [2] , coconut shell mix [3] , sugarcane [4] and coconut leaves [5] . To improve the performances of the briquettes from dried leaves of wheat straw and sawdust, paper pulp and cow dung were applied as a binder [6] . In addition, only certain types of leaves can be used as alternative energy sources of biomass briquettes with referred to a standardized calorific value.
Recently we investigate some potential types of trees as alternative energy sources of biomass briquettes such as fall leaves waste from Filicium decipiens (FD), Samanea saman (SS) and mahagony (M). These types of trees are usually planted in several main roads within aims for reforestation and environmental sustainability purposes. However, fall leaves waste are abundantly and freely available as garbage in which routinely need to be managed. Considering the potential application of this fall leaves waste as briquettes, effort on improving the preparation and caloric values are very important. Thus, by proper engineering of carbonation process, this fall leaves waste can be utilized as an alternative energy source. To know their potential energy, this fall leaves waste must subject to calorific value test and suggesting efforts to increase the calorific value by improving the carbonization process. This paper reports the preparation and characterization of briquettes from the powder of those dry leaves utilized tapioca as an adhesive.
Materials and Methods
The raw materials for biomass briquettes are dried leaves of Filicium decipiens, Samanea saman, and mahogany. Tapioca was utilized as adhesive following the steps as shown in Fig. 1 . Drying of the leaves was carried out under the sun for about 4 hours to reduce the water content. The dried leaves were then carbonized by using a furnace to decompose the chemical content of materials such as cellulose, hemicellulose, and lignin. In general, the carbonization process was done at a temperature of 250 -450°C [7] . In this study, the carbonization process was carried out at a temperature of 260°C. Grinding of dried leaves was obtained by using a blender and then filtered with a 60 mesh to provide the reduced size of the powder. Leaves are a type of biomass belonging to a soft material, in contrast to wood or coconut shell, so the particle size required for the manufacture of briquettes is not too small. The adhesive was prepared by mixing water and tapioca with a ratio of 7 mL to 1 g (7: 1). Compared with other types of adhesives, tapioca considered resulting in a better adhesion property. The percentage composition of adhesive and the briquette material were respectively 10 and 90%. Firstly, the starch of 6 g was mixed with 42 mL of water, and this mixer was poured into the 54 g of briquette material. This mixing powder then added a briquette dough of 20 g and proceed to be molded and condensed under a 45 kg of load yielding a solid briquette. The molding tool is a cylindrical type container with 2.5 cm in diameter and 7.5 cm in length. To reduce the water content of the briquette, asmolded briquette was dried for 5 hours under sunlight and then for 5 hours using an oven at a temperature of 50°C. The dried briquettes were subjected to characterization includes proximate analysis (moisture content, ash content, volatile matter and fixed carbon), and heat value determination. The proximate tests were conducted by referring to ASTM D.3173 for moisture content, ASTM D.3174 for ash content, ASTM D. 3175 for the volatile matter, and ASTM D.3172 for fixed carbon. The calorific value calculation was carried out referring to the ASTM D.5865.
Results and Discussion

Proximate properties
The proximate test results of briquettes from the three types of carbonized (C) and non-carbonized (NC) leaves which include moisture content (MC), ash content (AC), volatile matter (VM) content and fixed carbon (FC) shown in Tabe 1. 
Moisture Content
The moisture content represented the ratio of the mass of water in a sample of briquette, expressed as a percentage. The result shown that the carbonization process decreased the moister content of the briquette compare to the non-carbonized briquettes as shown in Table 1 . The decrease in the moister content of leaves from Filicium decipiens by 4.98%, Samanea saman by 1.35% and mahogany by 2.63%. In contrast, the moister content in Samanea saman leaves only slightly decrease after carbonization. This information of the moisture content of a briquette was very important and may greatly affect the combustion process because the produced heat was employed to evaporate the water at the beginning of the combustion. Thus, the moisture content affected to the calorific value where the higher the moisture content, the calorific value reduced. It was also reported that higher moisture content reduced the binding strength of the fuel [8] . The moisture content of briquettes come from the raw material of briquettes and adhesives. The moister content was controlled to some certain values depend on the preferable affectivity and efficiency of the drying process.
Ash Content
The ash content represents the mass of incombustible material remaining after burning for a given briquette sample which is usually expressed as a percentage. The results as shown in Table 1 that the value of ash content increased after carbonization. The increase of the ash content was 9.83, 8.91 and 5.4%, respectively for Filicium decipiens, Samanea saman, and Mahogany. The smallest increase in ash content occurred for the prepared briquette from mahogany leaves may due to the ash content in some extent clogging up of the burning medium. Thus, higher ash content leads to decreases the burning rate and reduces the heating value of the fuel. The acceptable level of ash content for fuel is below 4% [9] .
Volatile matter
Volatile matter is an unstable material that tends to not remain in one state and will rapidly transit to another state, or vaporize, expressed as a percentage. The results as shown in Table 1 that the volatile matter value of the material increased after carbonization. The increase of volatile matter of the prepared briquette from Filicium decipiens leave was 25.51%, Samanea saman leave was 37.1% and mahogany leave was 26.3%. In contrast, the highest increase of volatile matter occurred for the Samanea saman leaves indicated that this leaf contains hydrocarbon compound such as combustible or incombustible gas or combination of both. These volatile matters are released when the briquette is burnt. The prepared briquette with the lowest volatile matter is expected to have the highest energy value [8] .
Fixed carbon
Fixed carbon is the level of fixed carbon contained in the briquettes, expressed as a percentage. The fixed carbon is the result of a reduction of 100% sample with the volatile matter, moisture content and ash content. High fixed carbon implies the high calorific value [8] . The results as shown in Table 1 that the fixed carbon value to briquettes after carbonization increased by almost 50%. Beside the carbonization process, adhesives also influence the increase in the value of fixed carbon because the adhesive alone contains fixed carbon.
Calorific value
The calorific value is the energy contained in a briquette, determined by measuring the heat produced by the complete combustion of a specified quantity of it, expressed in calorie per gram. The calorific value was measured using a bomb calorimeter. This test was conducted to determine the standard quality of the briquettes fuel power and determine the standard sale value of the briquettes. The calorific value determines the amount of heat energy present in a material [8] . The results of the measurement of the calorific value for each of the dried leaves both before and after the briquette are shown in Table 2 . The results showed that the calorific value of the carbonized biomass was higher than the un-carbonized biomass. This was due to an increase in the amount of bounded carbon of the breakdown of cellulose usually occurred after carbonization. Thus, a calorific value of biomass increased with the increase of the amount of fixed carbon [10] . The calorific value of the as-prepared briquette with adhesive was higher compared to briquette without adhesive. The increase in calorific value due to the additional 10% of tapioca adhesive as a binder material was 3,574.47 cal/g [2] . In contrast, the highest calorific value was received from the briquettes from Filicium decipiens leaves (5,236 cal/g). 
Conclusions
It was concluded that the leaves under investigation potential to be used as alternative energy. The tapioca was an excellent adhesive caused strong and homogeneous adhesion and also improved their proximate properties and the calorific value. Thus, effective carbonization process with proper additional adhesive affected the briquette performance.
